Processing food extensively by thermal and nonthermal techniques is a unique and universal human practice. Food processing increases palatability and edibility and has been argued to increase energy gain. Although energy gain is a well-known effect from cooking starch-rich foods, the idea that cooking meat increases energy gain has never been tested. Moreover, the relative energetic advantages of cooking and nonthermal processing have not been assessed, whether for meat or starch-rich foods. Here, we describe a system for characterizing the energetic effects of cooking and nonthermal food processing. Using mice as a model, we show that cooking substantially increases the energy gained from meat, leading to elevations in body mass that are not attributable to differences in food intake or activity levels. The positive energetic effects of cooking were found to be superior to the effects of pounding in both meat and starch-rich tubers, a conclusion further supported by food preferences in fasted animals. Our results indicate significant contributions from cooking to both modern and ancestral human energy budgets. They also illuminate a weakness in current food labeling practices, which systematically overestimate the caloric potential of poorly processed foods.
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caloric value | nutrition label | weight | energy balance | human evolution E nergy availability is a routine constraint on metabolic processes, including growth, disease suppression, and reproduction, and therefore, it is a key variable for human nutrition and evolutionary fitness. Cooking has long been recognized to increase the energy available from starch (1-3), but how it changes the rate of energy gain from eating meat is an unsolved problem with practical and theoretical implications. Because meat is nearly always eaten cooked, the contribution of meat cooking to human nutritional energetics is potentially great: meat is the largest source of protein in all affluent countries except Japan (4) , and dependence on meat is growing rapidly among developing nations (5) , with annual global consumption of meat expected to reach 376 million tons by 2030 (6) . The energetic consequences of cooking meat would also have been important in human evolution ever since fire was controlled, minimally 300,000-400,000 y ago, a period when meat is inferred to have been a large component of the diet and energy would have routinely been in short supply (7) (8) (9) .
The standard Atwater system of energy assessment is based on measuring the total metabolizable nutrient content of an edible item (gross food energy content minus energy lost in urine, feces, secretions, and gases) and finds that cooking tends to have minimal impact on meat energy value (10) (Table S1 ). However, this conclusion is suspect, because the Atwater system ignores potentially important effects (1) . Heat-induced protein denaturation, loss of structural integrity, and deactivation of microbes are expected to increase meat energy value (2, 11, 12) , whereas dripping loss, Maillard reactions, formation of protein covalent bonds, and toughening of muscle fibers should reduce it (10, (13) (14) (15) . The integrated effects of these mechanisms are unknown and can be understood only by studying consumer energy balance. In addition, to isolate the unique contributions of heat, the effects of cooking must be compared against the effects of nonthermal processing.
To address these problems, we investigated the effects of unprocessed, pounded, and/or cooked diets on body mass and food preference in a model omnivorous mammal, the mouse (Mus musculus), a species known to exploit both meat (16) and starchrich foods (17) in natural contexts. We validated our protocol with diets consisting of tubers, a starch-rich item in which significant positive effects of cooking were predictable based on prior studies of starch digestibility (2) but underestimated by the Atwater convention (10) ( Table S2 ). We then repeated the experiment using meat. Both tuber and meat experiments also allowed us to assess the relative energetic advantages of cooking and nonthermal processing, a previously unstudied problem.
Based on a counterbalanced within-subjects study design, adult male CD-1 mice were fed organic sweet potato (Ipomoea batatas) or organic lean beef (Bos taurus) in four experimental diets: raw and whole (RW), raw and pounded (RP), cooked and whole (CW), and cooked and pounded (CP) (Fig. S1 ). Each diet was administered ad libitum for 4 d, with a 6-d washout period of ad libitum chow between consecutive diets. Mice were housed individually in cages designed to minimize coprophagy and permit assessment of food intake and activity level (Fig. S2) . We used change in body mass to index the energy gained or lost, accounting for intake and activity. In addition, to evaluate whether food preferences of naïve and/or experienced mice aligned with energetic value, we conducted preference tests before and after the cycle of feeding trials.
Results
Effects of Food Processing on Tuber Diets. Cooking tends to increase weight gain in animals reared on starch-rich foods (1) . Heat gelatinizes starches, transforming resistant semicrystalline structures into amorphous compounds that are readily hydrolyzed to sugars and dextrins (3), resulting in higher consumer-specific digestibility (2). We, therefore, expected to find a positive effect of cooking on the energetic value of our tuber diets, which consisted of ∼40% starch when raw on a dry-weight basis (Table S3) . By contrast, the effect of nonthermal processing on tubers has never been investigated with respect to energy. Pounding reduces the structural integrity of tubers by damaging cell walls and releasing cellular water, thereby decreasing firmness (18, 19) . Pounding also tends to fractionate raw tubers, reducing ingested particle size and probably, therefore, masticatory and gastric effort (20) . These transformations should have a positive effect on net energy gain. However, pounding is unlikely to disrupt the starch granules themselves, which are typically 2-100 μm in diameter and thus, too small to be regularly damaged by mechanical treatment (21) . We, therefore, hypothesized that pounding would improve net energy gain but that the advantages of pounding would be small compared with the advantages of cooking.
We found that net energy gain over 4 d was improved both by cooking and pounding [two-way repeated measures ANOVA (2 × 2 RM ANOVA); cooking: P < 0.001, pounding: P = 0.036]. The positive effects of cooking exceeded the effects of pounding, with mice maintaining weight on cooked diets but losing weight on raw diets, regardless of whether those diets were whole or pounded (Fig. 1) . Cooking improved a pounded diet (paired t test; RP < CP; P < 0.001), but pounding did not improve a cooked diet (paired t test; CW < CP; P = 0.707). As expected under effective washout dynamics, changes in body mass during the washout periods after each diet produced the inverse result across diets (2 × 2 RM ANOVA; cooking: P < 0.001, pounding: P = 0.003) and for the RP-CP contrast (paired t test; RP > CP; P < 0.001) (Fig. S3) .
Differences in activity level did not drive energy gains, because we observed no differences in wheel running across diets (2 × 2 RM ANOVA; cooking: P = 0.098, pounding: P = 0.395). Food intake, by contrast, was higher for processed diets and therefore, contributed to differential energy gains. Food intake was analyzed both on a fresh-weight basis (grams of food fed minus grams of food remaining after 24 h) and a dry-weight basis (adjusted for water content by freeze-drying diets and refusals to constant mass). Under both measures, cumulative food intake over each trial [±95% confidence interval (CI)] was higher on processed diets compared with the RW diet: fresh-weight basis: RW, 83.0 ± 5.8 g; RP, 101.2 ± 7.2 g; CW, 99.4 ± 6.5 g; CP, 94.7 ± 6.3 g; dry-weight basis: RW, 19.5 ± 1.3 g; RP, 23.6 ± 1.8 g; CW, 30.4 ± 2.1 g; CP, 29.7 ± 2.3 g. This result was probably driven at least partially by the relative ease of masticating a processed diet (22) , because mice consumed large quantities of all diets (mean daily fresh-weight intake across diets: 23.6 ± 0.9 g, representing 69.3% of mean body mass of 34.1 ± 0.4 g). Pounding significantly increased food intake on a fresh-weight basis (2 × 2 RM ANOVA; cooking: P = 0.181, pounding: P = 0.004, cooking × pounding: P < 0.001), and cooking and pounding were both significant positive influences on food intake on a dry-weight basis (2 × 2 RM ANOVA; cooking: P < 0.001, pounding: P = 0.024, cooking × pounding: P = 0.012). The difference between fresh-and dry-weight results with respect to cooking is consistent with the relatively low water contents of cooked diets on a fresh-weight basis (Table S3 ). Under both measures of intake, the interaction between cooking and pounding may have been driven by slower consumption of the CP treatment, which was typically licked rather than bitten.
Our intake results suggest that, beyond the known effects of cooking on starch digestibility (2), two additional mechanisms contributed to higher energy gains on processed tuber diets. First, mastication was likely facilitated by the physical effects of pounding and the physical and chemical effects of cooking on the mechanical properties of tuber diets. Second, water lost during cooking led to increased gross energy density in cooked diets (Table S3) . Jointly, these factors would have reduced digestive costs per calorie consumed, because diet-induced thermogenesis increases with masticatory effort (23) and the proportion of meal energy lost to diet-induced thermogenesis scales closely with meal mass (24) . These mechanisms, as well as potential differences in the physiological maxima of mice and humans with respect to mastication and digestion, require additional assessment.
If processed diets provided superior energy returns compared with unprocessed diets and cooked diets were, in turn, superior compared with pounded diets, consumers are expected to recognize the advantages. We indeed found strong preferences for processed diets as well as a strong shift in preference from pounded diets to cooked diets over the course of the study (Fig. 2) . Food preferences were assessed on fasted mice in the naïve (before exposure to any tuber diet) and experienced (after exposure to all tuber diets) conditions using two metrics: first bite (diet consumed first given concurrent presentation of all diets) and total intake (grams consumed in 3 h corrected for desiccation). Whereas naïve mice selected pounded diets in 14 of 17 cases (χ 2 ; P = 0.008) and cooked diets in 9 of 17 cases (χ 2 ; P = 0.808) on the basis of first bite, after experience, the same mice selected cooked diets in 17 of 17 cases (χ 2 ; P < 0.001) and pounded diets in just 8 of 17 cases (χ 2 ; P = 0.808). Measured by total intake, naïve mice consumed pounded diets preferentially (2 × 2 RM ANOVA; cooking: P = 0.388, pounding: P < 0.001), with pounded diets representing 84.1% of total grams ingested compared with 54.0% for cooked diets. By contrast, experienced mice consumed cooked diets preferentially (2 × 2 RM ANOVA; cooking: P < 0.001, pounding: P = 0.147), with cooked diets representing 75.0% of grams ingested compared with 59.4% for pounded diets. Because preference trials were conducted on fasted mice, it is reasonable to CW RW RP CP Fig. 1 . Changes in body mass on tuber diets. Mean cumulative change in body mass [±95% confidence interval (CI)] over 4 d in mice (n = 17) fed standardized ad libitum diets of organic sweet potato (I. batatas) served raw and whole (RW), raw and pounded (RP), cooked and whole (CW), and cooked and pounded (CP). Diets were administered based on a counterbalanced within-subjects study design. Food preferences on tuber diets. Relative preferences among mice (n = 17) in the naïve (before exposure to any tuber diet) and experienced (after exposure to all tuber diets) conditions for organic sweet potato (I. batatas) served raw and whole (RW), raw and pounded (RP), cooked and whole (CW), and cooked and pounded (CP). Values shown reflect composite data from the two metrics of preference used in this study: first bite (diet consumed first given concurrent presentation of all diets) and total intake (grams consumed in 3 h corrected for desiccation). The composite value for a given diet is calculated as the average of the percentage of first bites and the percentage of total intake attributable to that diet. Naïve mice strongly preferred pounded tuber treatments (composite value χ 2 ; cooking: P = 0.489, pounding: P < 0.001), whereas experienced mice strongly preferred cooked tuber treatments (composite value χ 2 ; cooking: P < 0.001, pounding: P = 0.519).
assume that mice selected foods at least partly on the basis of their energetic advantages.
Effects of Food Processing on Meat Diets. To assess the energetic impact of food processing, it was necessary to maintain mice on a 100% meat diet for a measurable period. Mice of this species (M. musculus) readily consume meat, and in some ecological contexts, they have been observed to inflict intensive predation pressure on vertebrate populations (16) . Nevertheless, pure meat diets are not expected to be beneficial for omnivorous species. In humans, lean meat diets that derive a majority proportion of their calories from protein lead to rabbit starvation, a condition of negative energy balance resulting from the high costs of protein digestion and the limited capacity of the liver for urea synthesis (25, 26) . We, therefore, expected mice to lose body mass on all experimental meat diets, with relative loss of body mass indicating the relative values of the underlying diets.
Although mice lost weight on all diets, we observed that cooking but not pounding had a positive effect on energy gain (2 × 2 RM ANOVA; cooking: P < 0.001, pounding: P = 0.138) (Fig. 3) . Cooking improved a pounded diet (paired t test; RP < CP; P < 0.001), but the reverse was not true (paired t test; CW < CP; P = 0.141). As expected, washout periods resulted in inverse changes on body mass across diets (2 × 2 RM ANOVA; cooking: P = 0.004, pounding: P = 0.281) and for the RP-CP contrast (paired t test; RP > CP; P = 0.002) (Fig. S3) .
Activity levels and food intake could, in theory, drive differences in net energy gain separately from the underlying values of the meat diets, but they proved not to do so. Activity levels, as indexed by wheel running, were not different across diets (2 × 2 RM ANOVA; cooking: P = 0.143, pounding: P = 0.710). Cumulative food intake (±95% CI) did vary across diets, but cooked diets were generally associated with lower rather than higher intakes: freshweight basis: RW, 64.5 ± 3.2 g; RP, 69.1 ± 2.8 g; CW, 53.7 ± 2.7 g; CP, 55.1 ± 2.9 g; dry-weight basis: RW, 20.8 ± 0.8 g; RP, 19.3 ± 0.9 g; CW, 18.6 ± 0.9 g; CP, 18.7 ± 0.9 g. On a fresh-weight basis, food intake over the 4 d of feeding was significantly lower for cooked diets and higher for pounded diets (2 × 2 RM ANOVA; cooking: P < 0.001, pounding: P = 0.025). On a dry-weight basis, cooking lowered food intake and pounding had no effect (2 × 2 RM ANOVA; cooking: P = 0.010, pounding: P = 0.097). Taken together with observed changes in body mass, these data show that mice experienced higher absolute energy gain on cooked diets despite lesser food intake. Pounding, by contrast, had no positive effect.
Preference data again conformed to the superior effects of cooking. In both the naïve and experienced conditions, mice preferred cooked diets (Fig. 4) . On the basis of first bite, naïve mice selected cooked diets in 14 of 16 cases (χ ; P = 0.317). On the basis of total intake, naïve mice consumed cooked diets preferentially (2 × 2 RM ANOVA; cooking: P = 0.012, pounding: P = 0.132), with cooked diets representing 75.6% of total grams ingested compared with 36.6% for pounded diets. Experienced mice also tended to select cooked diets (percentage of total grams ingested; cooked: 60.3%, pounded: 53.8%), although this preference did not reach statistical significance (2 × 2 RM ANOVA; cooking: P = 0.084, pounding: P = 0.448). The mechanisms governing preference for cooked meat in naïve mice are unknown. Visual, olfactory, and tactile cues are all possible.
We propose three candidate mechanisms for the positive effects of cooking observed in this study. First, consumer-specific digestibility may have been improved through heat-induced denaturation of protein. In this process, proteins unwind from their tightly bound structures when heated, adopting a random coil configuration that increases their susceptibility to proteolytic enzymes in the small intestine (27) before access by gut bacteria. Such susceptibility serves to increase the proportion of protein digested by the consumer compared to the proportion digested by gut bacteria; this result is especially important, because the products of microbial fermentation of protein seem to return little energy to the consumer (2). This mechanism is supported by evidence that heat-induced denaturation of egg protein contributed to increased ileal digestibility in humans (91-94% for cooked eggs compared with 51-65% for raw eggs) (28, 29) . Second, diet-induced thermogenesis may have been reduced because of the compromised structural integrity of cooked meat. Although heat tends to toughen muscle fibers, it gelatinizes the collagen in the muscle matrix, easing separation of muscle fibers. This separation facilitates mastication and increases the surface area of meat exposed to gastric acids and enzymes (30, 31) . Reduced structural integrity was the mechanism advanced to explain why pythons experienced 13% lower diet-induced thermogenesis after meals of cooked vs.
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RP CW CP Fig. 3 . Changes in body mass on meat diets. Mean cumulative change in body mass (±95% CI) over 4 d in mice (n = 16) fed standardized ad libitum diets of organic beef (B. taurus) eye round served raw and whole (RW), raw and pounded (RP), cooked and whole (CW), and cooked and pounded (CP). Diets were administered based on a counterbalanced within-subjects study design. Fig. 4 . Food preferences on meat diets. Relative preferences among mice (n = 16) in the naïve (before exposure to any meat diet) and experienced (after exposure to all meat diets) conditions for organic beef (B. taurus) eye round served raw and whole (RW), raw and pounded (RP), cooked and whole (CW), and cooked and pounded (CP). Values shown reflect composite data from the two metrics of preference used in this study: first bite (diet consumed first given concurrent presentation of all diets) and total intake (grams consumed in 3 h corrected for desiccation). The composite value for a given diet is calculated as the average of the percentage of first bites and the percentage of total intake attributable to that diet. Mice preferred cooked meat diets in both the naïve condition (composite value χ 2 ; cooking: P < 0.001, pounding: P = 0.049) and experienced condition (composite value χ 2 ; cooking: P < 0.001, pounding: P = 0.386).
raw meat (10) . Third, cooking may have killed pathogens present in the meat samples, reducing the metabolic cost of immune defense (2) . In humans, the ingestion of common meat-borne pathogens such as Escherichia coli, Salmonella, and Campylobacter can produce fever and other costly symptoms. Fever alone has been shown to increase resting energy expenditure by 7-13% for each 1°C increase in body temperature (32, 33) . The metabolic cost of immune defense arising from food-borne pathogens has not been investigated experimentally but is a promising area for additional study.
Discussion
Our integrated energy assessment protocol shows that cooking increases the energy gained from meat as well as tubers and that, in both foods, it does so to a greater extent than pounding. These results suggest three main conclusions for human nutrition in the past and present.
First, the adoption of cooking would have helped ancestral humans thrive. Meat and tubers have been exploited by humans for at least 2 million y, and the energetic resources of these foods are believed to have provided critical support for the evolution of costly increases in activity, birth rate, body size, and brain size (34) . Meat would have been a preferred food, but its pursuit would require a large energetic investment with low rates of success (35) . Tubers, by contrast, were less preferred but more consistently available, and this consistency would have made investments in the high-risk pursuit of meat possible (36) . The proportions of animal and plant foods consumed by ancestral humans are unknown, but the parallel effects of cooking that we found suggest that the adoption of cooking would have led to energetic gains whether meat or tubers predominated. Moreover, because we found the effects of cooking to be incremental to the effects of pounding for both foods, the adoption of cooking was likely advantageous even if pounding methods were already in widespread use.
Second, energetic gains associated with cooking remain critical today (20) . Meat and tubers continue to be staple foods worldwide (25, 37) , and the energetic gains conferred by cooking contribute to explaining why these foods are typically cooked before eating. Although the energy contributed globally by cooking is not quantified, our results hint at large potentials. We note that modern raw foodists who eat meat and high-quality plant products experience such high rates of chronic energy deficiency, despite processing their foods heavily by nonthermal means (38, 39) , that a majority of females experience subfecundity (39) . This finding suggests that, in humans, the caloric gains conferred by cooking may be not merely advantageous but also necessary for normal biological function.
Third, current food labeling practices take inadequate account of food processing. Our observation that mice fed cooked meat retained higher body mass despite lesser intake (fresh-or dryweight basis) indicates that cooking increases the energy extracted per gram of meat fed. This finding contrasts with the predictions of conventional nutritional assays, which on the basis of the Atwater system, return roughly equivalent metabolizable energy densities for raw and cooked meat on a dry-weight basis (Table S1 ). The problem with the Atwater system is that it ignores changes in digestibility, costs of digestion, and costs of immune defense, all of which are likely influenced by food processing. The result is nutritional inaccuracy. For example, cooking is known to increase the proportion of starch digested at the terminal ileum before access by most gut bacteria (2) . Starch that resists digestion in the small intestine delivers only a proportion of its metabolizable energy to the consumer, because the short-chain fatty acids produced during bacterial fermentation of starch generate less ATP than the glucose produced by starch hydrolysis in the small intestine. Additionally, the fatty acids are consumed as fuel for gut bacteria, and there are further losses from the production of combustible gases (40) (41) (42) . Cooking, thus, increases the energetic value of starch to an extent greater than is represented by the Atwater system. Such differences between the calorie values determined by the Atwater system and the physiological outcomes observed in this study are relevant for the manipulation of diets to increased or decreased caloric loading. For instance, our results indicate that human dieters who count calories and eat similar mixed diets but cook them to different extents would experience different weight gain outcomes at comparable levels of physical activity. This prediction is consistent with recent long-term data indicating that preparation-specific factors affect the relationship between caloric consumption and weight gain in humans (43) . Given the prevalence of both obesity and malnutrition today, additional attempts to quantify the energetic significance of cooking in humans will have important practical implications in the design of optimal diets.
Materials and Methods
Research Models. Male CD-1 mice (M. musculus) were acquired at 12 wk of age (Model 022; Charles River). Mice were maintained and tested under controlled conditions (21 ± 1°C, 30-50% humidity, 12 h light/dark cycle) at the Biological Research Infrastructure barrier facility at Harvard University. Adults were used to minimize change in body mass between trials, and residual growth was controlled by counterbalancing the order of treatments. Males were used to avoid a potentially confounding effect of ovarian function on energy expenditure (44) . Mice participated in feeding trials for either tubers (n = 17) or meat (n = 16) but not both. All procedures were approved by the Institutional Animal Care and Use Committee at Harvard University (Protocol 29-06).
Experimental Cage Setup. Mice were housed individually in cages designed to allow the assessment of food intake and activity level as well as maintenance of diet integrity (Fig. S2) . Standard cage bottoms were fitted with a wire mesh floor to minimize coprophagy and facilitate the daily collection of food refusals. High-ceiling filtered cage tops were fitted with an exercise wheel bearing a lightweight neodymium magnet and an external magnetic cycle counter (BC 506; Sigma) such that the sensor of the counter was positioned directly above the orbit of the magnet. This setup allowed the number of wheel rotations to be counted daily as an index of activity level. Treatment diets (including chow during washout periods) were administered to mice in Petri dishes with fitted tops perforated by holes, each 1.6 cm in diameter. The purposes of the fitted tops were to minimize contamination of food and prevent burrowing that would otherwise result in diets becoming inaccessible beneath the mesh floor. To prevent toppling, the feeding apparatus was secured to the mesh floor using a pair of sterile plastic-coated neodymium magnets. Cages were sterilized, and fresh liners, cotton nestlet, and water were provided daily.
Preparation of Tuber and Meat Diets. Mice were fed standardized diets of organic sweet potato (I. batatas) or organic beef (B. taurus) eye round in four preparations: RW, RP, CW, and CP (Fig. S1 ). To avoid freezing, which is known to affect material and nutritive properties in both tubers (45) and meat (46) , foods were sourced daily from a local specialty market (Savenor's, Cambridge, MA). Foods were processed under sterile conditions in batches of uniform size, and all pounded samples were prepared by one researcher (G.S.W.) to maximize consistency across trials. Diets were prepared within 2 h of use and were allowed to equilibrate to room temperature before feeding. For RW, tubers were cut into cylindrical samples (diameter = 4.0 cm, height ∼1.2 cm), symmetrical with respect to the long axis of the tuber and avoiding the cortex, and then weighed into ad libitum rations (40.0 ± 0.5 g). Meat was sliced into cubes (∼1.5 cm per side) and weighed into ad libitum rations (30.0 ± 0.5 g). For RP, RW samples were rationed and placed inside a sterile Ziploc bag, pounded manually using 50 strokes of a mallet, and then crushed using 50 passes of a mortar and pestle. For CW, RW samples were roasted in a convection oven at 232°C. RW tuber rations were arranged in a grid on aluminum foil and roasted for 35 min, a time empirically determined by polarized light microscopy to gelatinize surface starch granules. RW meat rations were placed into Pyrex Petri dishes to allow for the retention of drippings and were roasted for 12 min, achieving an internal temperature of 65-70°C, equivalent to medium-well done. For CP, CW tuber rations were pounded and crushed as described for RP. Meat samples were roasted after pounding to ensure retention of drippings. RP meat rations were placed into Pyrex Petri dishes and roasted as described for CW.
Feeding Protocol. Mice were reared for 4 consecutive d on each of the RW, RP, CW, and CP treatment diets, with the order of treatments counterbalanced across individuals. Between consecutive treatment diets, mice were reared for 6 d on ad libitum chow (Prolab Isopro RMH 3000; PMI Nutrition). All diets were presented at the same time each day to ensure data collection in 24-h increments. During this daily intervention, mice were weighed in a glass beaker, and body weight was recorded (±0.05 g) during a period of inactivity. Food refusals from the previous 24 h were collected, weighed fresh for analysis of fresh-weight intake, and later, freeze-dried to constant mass for analysis of dry-weight intake. Wheel running data from the previous 24 h were recorded, and the counter was reset.
Preference Tests. Food preference tests were administered to mice 3 d before the start of feeding trials, when mice had not yet been exposed to any food except chow, and again 3 d after the conclusion of feeding trials, when mice had been exposed to all diets. Twelve hours before the start of each preference test, food was removed from cages to encourage consumption of food on demand. Fasted mice were presented with 5.00 ± 0.05-g rations of all four diets concurrently, with the positioning of diets counterbalanced across cages. From the moment of food introduction, cages were observed, and the first diet ingested (first bite) was recorded by two researchers (R.N.C. and G.S.W.). In all cases, co-observations of first bite concurred. Mice were given access to diets for a total of 3 h. After the preference test, food refusals were collected and weighed. Consumption of each diet over the 3-h preference test (total intake) was determined after correcting refusals for desiccation.
Desiccation was determined in each preference trial by measuring mass lost from rations in 20 control cages, which did not contain mice but were otherwise identical.
Statistical Analysis. After confirming that our data were normally distributed, we assessed the empirical effects of cooking and pounding using 2 × 2 RM ANOVA, a test that accounts for within-subjects measurements and multiple comparisons of diet treatments. We considered two factors (cooking and pounding), each with two levels (unprocessed and processed), a data architecture that meets the RM ANOVA condition of sphericity by definition. Where we found significant effects of food processing on body mass, we used paired t tests to contrast RP-CP and CW-CP outcomes to assess whether the effects of cooking or pounding, respectively, were positive compared with a diet already processed by the other method. In all tests, ∝ = 0.05 (two-tailed).
